Electrochemical polymerization of an isothianaphthene based monomer for low-bandgap polymer was carried out in a polymer lyotropic liquid crystal. We prepared hydroxypropyl cellulose/N,N-dimethylformamide (HPC/DMF) lyotropic liquid crystal system as an electrolyte solution to perform electrochemical polymerization of a hydrophobic monomer, although water was commonly employed as a solvent for HPC. Resultant polymer prepared in HPC/DMF shows both electro-activity and optical activity. Fourier transform infrared absorption spectroscopy measurement reveals that the resultant material is composite of HPC and polyisothianaphthene based.
Introduction
Isothianaphthene is one of the most studied polymers among conductive polymers. The synthesis requires high experimental technique of ring closure reaction with suppression of side reaction of polymerization [1] - [17] . Protection of α-positon of the thiophene ring of the isothianaphthene unit with silyl group has been carried out. Vanderzande group synthesized an isothianaphthene sandwiched monomer between thiophene units for improving stability, and carried out electrochemical polymerization [5] [8] . Resultant polymer shows low-bandgap nature derived from isothianaphthene, and shows good redox property. Isothianaphthene based polymer also displays good electrochromic property [18] [19] obtained reflects structure of liquid crystal electrolyte solution from molecular level to macroscopic level. However, a large quantity of liquid crystals needs to be applied for reaction medium. Further, multi-step synthesis is required for obtaining low molecular liquid crystals. 
Electrochemical Polymerization

Electrochemical polymerization of a monomer [thiophene]-[isothianaphthene]-
[thiophene], abbreviated as T-ITN-T, was carried out in hydroxypropyl cellulose ( Figure 1 ). Constituents of electrolyte solution are summarized in Table 1 .
Firstly, tetrabutylammonium perchlorate (TBAP) (supporting salt) and monomer was dissolved in N,N-dimethylforma-mide (DMF) (Figure 2 Then, electrochemical polymerization was carried out by using sandwich cell After the electrochemical reaction, the sandwich cell was soaked into the water to remove the residual HPC from the film surface. After a 30 min, the sandwich cell was disassembled easily. The resultant was washed with water, and acetone to yield a thin film deposited on the ITO coated glass, abbreviated as P(T-ITN-T)/HPC.
Measurements
Optical texture observations were carried out by using an ECLIPS LV 100 highresolution polarizing microscope (Nikon). Fourier Transform Infrared absorption was obtained with a FT-IR 4600 (Jasco) by using the KBr method. UV-vis absorption spectroscopy was carried out by using V-630 (Jasco). Cyclic voltammetory were carried out with a μAUTOLAB TYPE III (ECO Chemie). Electrolyte solution contained 0.1 M TBAP in acetonitrile. Circular dichroism spectroscopy was carried out with a J-720 (Jasco).
Results and Discussion
Polarizing Optical Microscopy Observation
The polymer thus obtained shows clear fingerprint texture under polarizing optical microscopy (POM) in Figure 4 . The fingerprint pattern is derived from cholesteric liquid crystal of HPC helical aggregation, indicating occurrence of transcription of helical structure of HPC during the electrochemical polymerization. In this case, HPC acts as a helical template.
Fourier Transform Infrared Absorption
Fourier transform infrared (FT-IR) absorption spectroscopy measurements of Figure   5 . 
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HPC (matrix), T-ITN-T (monomer) and P(T-ITN-T)/HPC are shown in
UV-Vis Absorption
In situ UV-vis absorption measurements were carried out during cyclic voltammetry measurement. Change in the UV-vis of P(T-ITN-T)/HPC at various application potential are shown in Figure 6 . The polymer shows absorption band at around 550 nm due to π - at a scan rate of 50 mV/s (Figure 7 ).
Cyclic Voltammetry
Cyclic voltammetry (CV) analysis of P(T-ITN-T)/HPC was carried out at various scan rates of 10, 20, 30, 40, 50, 60, 70, 80, 90 and 100 mV/s. The CV result is shown in Figure 8 . First oxidation wave indicates that the polymer film was oxidized and polarons (radical and cation) were generated. At reduction process, reduced wave was confirmed, indicating that the polymer film was reduced. The polymer film exhibits repeatable redox behavior in the applied potential range from 0 to 1.0 V (vs. Ag/Ag + ).
Circular Dichroism Absorption
Circular dichroism (CD) absorption spectroscopy measurement was carried out for as prepared polymer film and reduced polymer film. The CD spectra of the film are shown in Figure 9 . The reduced film was prepared by hydrazine vapor for 30 min. Reduction allows increase of the absorption band at around 400 nm due to decrease of fraction of polarons in the main-chain accompanied by 
Conclusion
Synthesis of a P(T-ITN-T)/HPC composite film by electrochemical polymerization in a HPC liquid crystal medium was successfully carried out. The POM observation for the composite film shows a fingerprint texture resembling the cholesteric liquid crystal and indicates that transcription of a helical structure of HPC is occurred. In situ UV-vis absorption spectra and cyclic voltammetry show that the polymer has repeatable electrochromic property. The CD spectroscopy measurements suggest that synthesis of the optical active composite is achieved from a monomer having no asymmetric carbon. The optical bandgap of P(T-ITN-T)/HPC is estimated to be 1.5 eV, which is in the range of low-bandgap conjugated polymers.
